Retrospective study. Objectives: To compare surgical outcomes such as the ambulatory period and survival according to different surgical excision tactics for metastatic spine tumors (MSTs). Summary of Literature Review: Surgical outcomes, such as pain relief and survival, in patients with MSTs have been reported in several studies, but the effects of differences in surgical extent on the ambulatory period have rarely been reported. Materials and Methods: Ninety-six patients with MSTs who underwent palliative (n=60) or extensive wide excision (n=36) were included. Palliative excision was defined as partial removal of the tumor as an intralesional piecemeal procedure for decompression. Extensive wide excision was defined as a surgical attempt to remove the whole tumor at the index level as completely as possible. The primary outcome was the ambulatory period following surgery. Other demographic and radiographic parameters were analyzed to identify the risk factors for loss of ambulatory ability and survival. Perioperative complications were also assessed. Results: The mean postoperative ambulatory period was longer in the extensive wide excision group (average 14.8 months) than in the palliative excision group (average 11.7 months) (p=0.021). The survival rates were not significantly different between the two surgical excision groups (p=0.680). However, postoperative ambulatory status and major complications within 30 days postoperatively were significant prognostic factors for survival (p=0.003 and p=0.032, respectively). Conclusions: The extent of surgical excision affected the ambulatory period, and the complication rates were similar, regardless of surgical excision tactics. A proper surgical strategy to achieve postoperative ambulatory ability and to reduce perioperative complications would have a favorable effect on survival.
Introduction
The skeletal system is the third common site of cancer metastasis, following lung and liver, and the spinal column is the most common osseous site. 1) In some cadaveric studies, 30~90% of patients whose cause of death was cancer were found to have spinal metastasis. 1) A recent epidemiologic study about spinal metastasis in South Korea reported that the overall incidence rate of metastatic spine tumors (MSTs)
The randomized trial by Patchell et al. 5) demonstrated that direct decompression surgery with postoperative radiotherapy for metastatic spinal cord compression showed better outcomes than radiotherapy alone. After this study, several surgical series reported that surgical treatment for spinal metastasis produced rapid pain relief, maintained ambulation, and improved QOL. [6] [7] [8] [9] Some scoring systems help spine surgeons predict the instability of the spinal column and the survival of cancer patients, and thus, if surgery would provide better results for patients. [10] [11] [12] Although complete resection, such as total en bloc corpectomy, is occasionally performed in a limited number of cases, palliative decompression surgery is the standard strategy for MSTs. 13) However, surgeons often get confused about the extent of tumor removal. The purpose of this study was to compare the ambulatory period primarily, and additionally, survival and complication rates, according to the surgical extent in patients who underwent surgery for MSTs.
Materials and Methods

Patients
Institutional review board approval was obtained prior to beginning this study (IRB approval No. KC17RESI0442).
The authors retrospectively investigated the patients who underwent surgical treatment for MSTs in the spine unit of a single institute between January 2011 and December 2015.
All surgeries were conducted by a single surgeon (Y.H.K) and surgical indications were (1) progressive neurologic deficits, (2) intractable pain, (3) definite instability, and (4) a life expectancy of more than 6 months at the time of surgery (determined by oncologists). Solid cancer was included and metastatic lesions from hematologic malignancies such as multiple myeloma were excluded.
Surgical Treatment
Except in emergent situations, preoperative embolization was usually performed. All surgeries were performed via posterior-only approach. The surgical extent was determined preoperatively after full consultation with the Department of Oncology. According to the surgical extent, patients were subdivided into the following two groups: palliative decompression group (P) and extensive wide excision group (W). Based on the classification recommended by the Global Spine Tumor Study Group (GSTSG) 14) , palliative decompression involves partial removal of the tumor as an intralesional piecemeal procedure for neural decompression. Extensive wide excision indicates an attempt to remove the tumor completely, regardless of whether piecemeal or en bloc excision is performed.
In cases of wide excision involving the vertebral body, anterior support was provided using allogeneic fibular strut graft with or without a mesh cage. Instrumentation was performed in all cases, except for some sacral cases. The surgeon performed only palliative excision surgery in the first half of the study period and afterwards extensive wide excision surgery.
Postoperative management protocol was the same in both groups. Thoracolumbosacral orthosis (TLSO) was applied for 3 months. In patients who could walk with an aid, ambulation was encouraged since postoperative day 2. In patients who could not even stand, our department immediately requested the rehabilitation department to perform the ambulatory rehabilitation program. Adjuvant chemotherapy and radiotherapy were performed in selective patients determined by oncologists and radiotherapists. Regular follow-ups were performed at postoperative 1, 2, 3, 6, 9, and 12 months and annually thereafter.
Clinical Data
The primary outcome was the postoperative ambulatory period (in other words, time from surgery to loss of the ambulatory ability), and secondary outcomes were survival rates and complications rates. These outcomes were compared according to the surgical extent. Demographic data were collected by reviewing the medical records. We used our own modified version of Nurick ambulation grading system. 15) 
Radiographic Data
Statistical Analysis
The baseline demographic and radiographic data were compared between the P and W groups using the Student t-test or Mann-Whitney test for continuous variables and chi-square test or linear by linear test for categorical variables.
Kaplan-Meier curve for the ambulatory period was obtained, and log-rank test was performed to compare the ambulatory survival rate between both groups. Univariate analysis was performed using Cox hazards proportional model to identify the factors correlated with the maintenance of the ambulatory ability. The variables that maintained p<0.2 in univariate analysis were entered into multivariate analysis. A P value of <0.05 was considered statistically significant. In the same manner, risk factor analysis for survival was also performed.
Statistical analysis was performed using SPSS software (version 21.0.0; SPSS Inc, Chicago, IL, USA).
Results
The study cohort included 62 males and 34 females with a mean age of 57. Table   1 . The ESCC scale on preoperative MRI is described in Table   2 . The median follow-up period was 5 months (95% CI, 0-32 months). The data about the preoperative/postoperative chemotherapy and radiotherapy are summarized in Table 3 . 
Others
Survival
Overall 6-month and 1-year survival rates were 62.8% and 40.3%, respectively (median, 9 months). The median survival time was 8 months (range, 0~32 months) in the P group and 10 months (range, 0~22 months) in the W group. A log-rank test indicated that both groups showed no significant difference in the survival rate (p=0.680, Fig. 3 ). Although surgical excision did not have a significant correlation with survival (p=0.689), early postoperative ambulatory status and perioperative major (Table 4 ).
Surgery-related data and Complications
Intraoperative mean blood loss was 1,176±1,857 mL and 1,147±1,270 mL in the P and W groups, respectively.
However, there was no association between blood loss and preoperative embolization ( 
Discussion
Limited number of cases have shown that treatment of MSTs might result in long-term disease-free survival 11, 17) ; however, the primary treatment goal for MSTs is "to walk and live their life", namely maintenance or improvement of QOL. 18) Among however, we adopted the classification proposed by the Global Spine Tumour Study Group (GSTSG) and analyzed surgical outcomes of patients with MST based on this classification. 14) When 22) reported that one-stage posterior corpectomy had no significant advantage over decompression with fusion. Their study showed a conflicting result from the current study. As described in their report, they performed corpectomy without aggressive circumferential decompression, and this might be the reason why a different result was obtained compared to that in the current study.
Survival rate in this study showed no difference between both groups. However, non-ambulatory status at the early postoperative period and perioperative major complications were significant risk factors for survival in all patients.
Previous studies have already demonstrated that postoperative ambulatory status was the prognostic factor for survival time in patients with MST. 23, 24) Although statistical analysis did not show a direct association between surgical tactics and survival, the authors believed that an attempt to improve and prolong the postoperative ambulatory status with more extensive excision of MST might help to achieve longer survival in patients with MST.
Because extensive wide excision requires more time for tumor removal than palliative excision, the operation time in the W group was significantly longer than that in the P group in this study. However, against the authors' expectation, intraoperative blood loss between both groups was not different. Perioperative major complications occurred in 28.1% (27/96) of the patients and complication rates were not This study has an inherent limitation as it is a retrospective review. Another major limitation of this study is the lack of objective criteria for classifying the surgical extent. Although all wide excision procedures should have been performed as en bloc vertebrectomy for its surgical purpose, as originally expressed by Boriani et al. 25) , most of the cases, the piecemeal technique was performed in this study. Moreover, the bias might have been introduced by loss to follow-up because some of the patients had been transferred to the secondary institutes for recuperation. Also, the ambulatory ability is one of the important factors in QOL; however, objective assessment tools for QOL, such as EQ-5D, were not included in this study. And the preoperative ambulatory status was not similar between two groups (68.3% vs 88.9%). It might influence the postoperative ambulatory status. Another critical limitation is the heterogeneity in the included patients. First, the origin of primary solid cancer was heterogeneous. Different solid cancers show different clinical courses 9, 11, 12, 24) , and thus, metastatic spine tumors of different origins could have different clinical features. Even though the authors underwent same and enough decompression, the mass effect of tumor could be the additional decompressive effect that leads to better ambulatory outcomes in W group. On the other side, tumor recurrence could be frequent in P group and it could be the factor of poor ambulatory outcomes. Second, this study analyzed MST at different levels altogether.
Nevertheless, this report is meaningful as it is the first study to demonstrate that the postoperative maintenance of ambulatory status might depend on the extent of surgical excision. This study could be helpful for spine surgeons in determining surgical tactics for metastatic spine tumors.
Conclusions
After more aggressive wide surgical excision of metastatic spine tumors, the ambulatory ability could be maintained for a longer period and the postoperative complication rate was not higher than that after less aggressive palliative surgery.
Although this study did not prove a direct correlation between surgical tactics and survival time, the postoperative ambulatory status had a favorable effect on survival. Based on this result, spine surgeons and patients with MST should choose the most appropriate surgical tactic.
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